















the	 ketones	 substituents	 on	 the	 reaction	 rate	 catalyzed	 by	 HvADH2.	 Good	 correlation	 was	 observed	
between	ν ( )	of	methyl	aryl-ketones	and	the	reaction	rate	catalyzed	by	HvADH2.	The	enzyme	catalyzed	





drugs	 has	 become	 increasingly	 important	 in	 the	 pharmaceutical	 industry.1	 Chiral	 aromatic	 secondary	
alcohols	 are	 widely	 used	 in	 synthetic	 organic	 and	 medicinal	 chemistry	 as	 key	 intermediates	 for	 the	


























of	 aromatic	 ketones.	 ADHs	 from	 Pichia	 glucozyma,19	 Aromatoleum	 aromaticum20	 and	 Lactobacillus	
brevis21	have	been	applied	in	the	asymmetric	reduction	of	acetophenone	derivatives	with	different	size	
and	electronic	properties.	The	formations	of	aromatic	secondary	alcohols	were	explained	by	substrate	
docking	 experiment	 and	 interaction	 energy	 values,20	 σ-Hammett coefficients 19	 and	 IR	 carbonyl	
stretching	bands.21	The	results	have	provided	valuable	insight	into	the	understanding	of	how	ADHs	behave	
with	aromatic	ketones.																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																
There	 are	 a	 limited	 number	 of	 ADHs	 effectively	 useful	 in	 the	 synthesis	 of	 chiral	 aromatic	 secondary	
alcohols	which	have	been	described	in	the	literature.	For	instance,	alcohol	dehydrogenase	from	Ralstonia	
sp.	 (RasADH)	 catalyzed	 the	 reduction	 of	 aromatic	 ketones	 containing	 bulky	 substituents	 with	 high	
enantioselectivity.22	This	type	of	ADHs	has	great	relevance	in	asymmetric	synthesis	because	of	its	broad	
substrate	 scope.	 ADH	 from	 Thermus	 thermophilus	 HB2723	 was	 used	 in	 the	 asymmetric	 reduction	 of	
aromatic	ketones	with	anti-Prelog	selectivity.	Considering	the	value	of	aromatic	chiral	alcohols,	it	will	be	
increasingly	 important	 to	 identify	 more	 ADHs	 that	 can	 be	 employed	 in	 such	 processes	 with	 high	
enantioselectivity.	 Extremophiles	 represent	 a	 promising	 source	 of	 robust	 biocatalysts	 with	 industrial	




developed	 and	 characterized	 four	 novel	 alcohol	 dehydrogenases	 from	 halophilic	 bacteria.27-29	 In	





Herein,	we	 report	 on	 the	 application	 of	HvADH2	 for	 the	 synthesis	 of	 a	 very	 broad	 range	of	 aromatic	
secondary	alcohols.	The	versatility	of	this	enzyme	and	its	adaptability	to	optimized	reaction	conditions	is	











































































	 	 	 	 	 	 	
	
Fig.	 3	 Various	 aromatic	 ketones	 derivatives	 and	 general	 scheme	 of	 their	 reduction	 with	
HvADH2.	
		




















































































































































































































































































































































































mM	 NADP+	 and	 0.3	 mg/mL	 HvADH2	 were	
dissolved	 in	 Tris-HCl	 buffer(100	 mM,	 pH	 8.0)	
supplemented	with	2	M	KCl,		5%	ethanol	and	5%		
acetonitrile,	 reaction	 volume	 1.0	 mL,	
temperature	 25	 °C, reaction time 36 h; 




HvADH2	 follows	 rigorously	 Prelog’s rule yielding	 exclusively	 (S)-alcohols	 (100%	 e.e.)	
independently	 of	 the	 substrate	 tested.	Other	 dehydrogenases/reductases	 reported	 in	 the	
literature	 show	 mixed	 selectivity	 depending	 on	 the	 substrate.	 For	 example,	 (S)-1-
phenylethanol	 dehydrogenase	 from	 Aromatoleum	 aromaticum	 showed	 strong	 (S)-	
enantioselectivity	 however,	 a	 racemic	mixture	 of	 1-(4-aminophenyl)ethanol	was	 observed	
when	4′- aminoacetophenone 11	was	tested.20	Additionally,	acetophenone	1	was	reduced	
to	 (R)-1-phenylethanol	 (opposite	 enantiomer)	 with	 95%	 e.e	 using	 benzilketoreductase	

































meta-substituted	 acetophenones	 gave	 less	 satisfactory	 results	 compared	with	 their	para-






For	 the	 alpha-halo	 aryl-ketones	 (17-21),	 it	was	 noticeable	 that	 the	 conversion	 rate	 for	α-
fluorinated ketone 18	with	HvADH2	was	better	than	α-chlorinated ketone 19	and	this	one	
was	better	than	α-brominated ketone 17.	These	results	is	consistent	with	both	steric	(atomic	
size	 F <Cl< Br)	 and	 electronic	 (high	 electronegative	 F	 atom	 at	α-position) factors of the 
groups. 	
Interestingly,	 phenacyl	 chloride	 19	 was	 converted	 faster	 than	 	 	 	 	 	 	 	 	 	 	 2-chloro-4′-
fluoroacetophenone 20	 and	 2-chloro-2′,4′-difluoro-acetophenone	21	with	HvADH2.	 This	
indicated	that	the	substituents	on	the	phenyl	ring	of	α-halo-ketone adversely affected the 
rate of enzymatic reaction.	Clearly,	for	substrates	20	and	21	the	steric	effect	is	predominant	




cyano	 aryl-ketones	 (set	 d).	 The	 reduction	 of	 benzoylacetonitrile	 22	 and	 4-
bromobenzoylacetonitrile	 23,	 did	 not	 proceed	 when	 the	 reaction	 was	 performed	 in	 an	







24	 had	 been	 previously	 reported	 using	 different	microbial	 strains	 with	 varying	 degree	 of	
success.34	Here,	24e	was	successfully	obtained	with	HvADH2	in	73%	yield	and	100%	e.e.		
2,2,2-trifluoroacetophenone	 25	 was	 tested	 as	 substrate	 for	 HvADH2.	 Surprisingly,	 no	
conversion	was	observed	with	this	substrate.		Acetylpyrazine	compounds	26	and	27	were	only	





To	understand	 the	electronic	effect	of	aromatic	ketones	substituents	on	 the	 reaction	 rate	
catalyzed	by	HvADH2,	the	carbonyl	stretching	bands	for	different	ketones	were	measured	and	
plotted	against	the	%	conversion	of	aromatic	ketones.	The	frequency	values	of	the	carbonyl	
bands	 can	 be	 used	 to	 predict	 the	 carbonyl	 bond	 character	 in	 the	 presence	 of	 electron	
withdrawing	 group	 (EWDG)	 or	 electron	 donating	 group	 (EDG).	 Ketones	 containing	 EWG	




substrates	6-16	 and	 the	 reaction	 rate	 catalyzed	 by	HvADH2	 (Fig.	 4).	Unexpectedly,	 the	 IR	




esters36	 and	 the	 reduction	 of	 ketones	 using	 ADH	 from	 Lactobacillus	 brevis.21	 The	 authors	
attributed	the	high	reactivity	of	esters/ketones	to	the	decrease	of	the	esters/ketones	ground	
		
state	 resonance	stabilization	and	 this	appears	 to	be	due	 to	effect	of	EWG.	 In	contrast,	no	
correlation	was	observed	between	IR	carbonyl	absorption	bands	of	ketone	substrates	from	
sets	(a,	c,	d,	e	and	f)	and	the	reaction	rate	catalyzed	by	HvADH2	(data	not	shown).	This	could	





Fig.	 4	 Correlation	 between	 IR	 carbonyl	 stretching	 bands	 of	 substrates	 6-16	 and	 the	 %	




There	 is	 considerable	 interest	 in	 alcohol	 dehydrogenases	 as	 biocatalysts	 in	 the	
pharmaceutical	industry	for	their	ability	to	produce	valuable	chiral	alcohols.	In	this	work,	we	




The	 conversion	 of	 aromatic	 ketones	was	 different	 and	 influenced	 by	 (i)	 steric	 factors,	 (ii)	

















Substrates,	 reagents,	 and	 cofactors	 were	 purchased	 either	 from	 Sigma	 Aldrich	 or	 Apollo	
































follows.	 Ketones	 1-29	 (15	 mmol)	 were	 dissolved	 in	 methanol	 (2	 mL)	 at	 0˚C. Sodium	
borohydride	(0.5	equiv)	was	added	and	the	reaction	mixture	was	incubated	with	shaking	for	
1	h	at	0°C. 1M HCl was added dropwise  to maintain the reaction temperature below	5	







HvADH2 was	 homologously	 overexpressed,	 using	 the	 vector	 pTA963	 and	 host	 strain	Hfx.	
volcanii.	The	vector	features	an	inducible	L-tryptophan	promoter	and	has	a	hexahistidine-tag,	
which	allowed	for	easy	purification	by	immobilized	metal	affinity	chromatography	(IMAC).27		






After	centrifugation,	the	supernatant	was	filtered	through	a	0.45	µm membrane and loaded 







The	 activity	 of	HvADH2	was	 analyzed	 spectrophotometrically	 by	 detecting	 the	 increase	 in	
absorbance	at	340	nm,	which	corresponds	to	the	formation	of	the	cofactor	NADPH,	using	a	
Biochrom	 Libra	 S50	 UV–Visible spectrophotometer.	 Enantiomeric	 excess	 (e.e.)	 and	
conversion	rate	were	determined	by	normal	phase	high	performance	liquid	chromatography	
(HPLC)	using	an	Agilent	1100	series	HPLC	with	chiral	columns	as	the	following:	Chiralcel	OJ-H	
(250x4.6	mm	and	5µm silica gel), Dr. MAISCH Germany, Reprosil Chiral-BM (250x4.6 
mm and 5µm silica gel) alternative to	OB-H	column	and	Phenomenex	USA,	Lux	cellulose-1	
column	 (250x4.6	mm	and	10µm silica gel) alternative to	OD-H	column.	 1H-NMR	spectra	
were	recorded	with	Bruker	500	MHz−Avance III spectrometer. Chemical shifts (δ) are 






Ketone	 reduction	 was	 carried	 out	 in	 5	 mL	 screw-capped	 test	 tubes	 under	 the	 following	




was	 used	 as	 co-solvent	 instead	 of	 acetonitrile.	 All	 reactions	were	 incubated	 in	 an	 orbital	
shaker	at	25°C, 320 rpm for 96 h.	
The	reaction	mixtures	were	extracted	with	ethyl	acetate	(3×500µL). The organic layer was 
dried over anhydrous sodium sulfate and transferred to a HPLC vial.	The	ethyl	acetate	
was	evaporated	using	a	gentle	stream	of	nitrogen	and	the	residue	was	re-dissolved	in	1	mL	
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